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the zone of Inhibition around each disc was measured with a ruler on the
undersurface ot the petri dish. The endpoint was taken as the complete
Inhibition of growth as determined by the naked eye. The zone diameters
as recommended by the Food and Drug Administration were used to interpret
the susceptibility of the bacteria to antibiotics. The susceptibility of
the organism was conslidered to be either sensitive, Intermediate or re-
sistant according to the size of the zone of inhibition. Six plates were
prepared for each measurement. The influence of the following variables
on the Interpretation of the sensitivity of bacteria to antibiotics was
determined In the next series of experiments.

lnoculum Size-- Bacterial suspensions of E. coli or S. aureus were pre-

pared to contain 105, 106, 107

9
, 10 , or 10 organisms/ml. Mueller-Hinton
plates were streaked with the various concentrations of organisms and a
{;

routine susceptibility test performed.

Incubation Tlme-- Plates from the test above were removed from the in-

cubator after sever hours and the zones of inhibition recorded. The plates
were returned to the incubator and reexamined after the standard eighteen
hours of incubatlon.

Tissue Binding-~ Bacterial suspensions were prepared as before, except

that the suspepslons contained 10% (w/v) homogenized tissue. The tissues
employed were ;kin, muscle, or burn eschar. Suspensions of 10% tissue were
very viscous and probably would be the maximum amount of tissue ever exposed
to an antibiotic test plate. The antibiotic sensitivity of these bacterial
suspensions was compared to that of bacterial suspensions without tissues
after a seven and eighteen hour incubation.

Mixed Cultures-- The effect of E. coli on the interpretation of sensi-




tivity of S. aureus to antibiotics was evaluated by preparing suspensions
SE NP . R which slas canbatnat 107 180, 00, 10, o 10" B amii.
This experiment wés then repeated except suspensions of 10 E. coli were
prepared which also contained IO“, 105, 106, 107, or 10 S. aureus. The
susceptiblility of each of these bacterial suspensions to antibiotics was

recorded by the standard Kirby-Bauer test.

Clinical Study

Homogenized clinical specimens of burn eschar or infected wound tissue
were subjected to Immediate antibiotic sensifivity testing. |In addition to
the eleven antibiotics employed in the experimental study, another seven clin-
ically important antibiotics were used: carbenicillin, erythromycin, kana-
mycin, nafcillin, oxacillin, tobramycin, and vancomycin. |In addition, the
number of viable bacteria in the homogenate was quantitated by standard serial
dilution and plating techniques. Bacteria isdlated from the qgantitative mea-
surements were identified and the indivldual antibiotic susceptlbility o each

isolated organisms determined by the standard Kirby-Bauer procedure.

RESULTS
Experimental
.
Inoculum Size-- A heavy growth of organisms on the agar plate is essen-

tial to permit 'interpretatlion of the antibiotic susceptibility. A bacterial
inoculum of 105 or less orzanisms resulted in non-confluent growth on the
plate in which the zones oi inhibition are not readable. A non-confluent but

. o e : .
readable growth pattern was encountered with 10 and 10" organisms. Determin-
ation of antibiotic sensitivities at this level is fortuitous, since 10

or more bacteria result in clinically significant wound infection and burn
Y g

-
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wound sepsis while smaller doses of bacteria are clinically insignificant.
When the inoculum delivered to the agar plate was 10 or greater, a confluent
lawn of bacteria was readlly apparent [n which antibiotic sensitivity testing
was easily accomplished.

When the zones were readable, inoculum size had an insignificant effect
on the interpretation of antilbiotic susceptibility. After an eighteen hour
incubation, only small differences in zones of Inhibition were observed when
the inoculum was varled from 106 to 109 organisms/ml. The zone of inhibition
was frequently inversely proportional to the lnoculum size. Increasing the in-
oculum size usually resulted in a slight decrease in the diameter of the
zone of inhibition. The resultant reductlion in zone size did not affect the
interpretation of antibiotic susceptibility in any oi the 254 tests performed
with E. coli and in only one of 264 tests conducted with S. aureus.

Incubation Time-- With E. coli and S. atreus, small differences in zone

‘

size were observed when the results were recorded after seven hours as compared
to those measured following an eighteen hour incubation. These changes in
zone size on agar plates containing E. coli Influenced the interpretation of
results in 14 of 264 tests. An initial reading of intermediate at seven hours
was changed to resistant after an additional eleven hours of incubation. These

-
changes were restricted to the chloramphenicol discs when the Inoculum was 10
and 107 and Inyo{ved only a 2 mm alteration in the diameter of [nhibition. An
inftial reading of sensitive at seven hours which was subsequently read as inter-
mediate accounted for three of the changes in the tests involving S. aureus.

Five other changes occurred with S. aureus which fell into the intermedlate

range at seven hours, changing to resistant at eighteen hours. [t is important

B ————————
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to note that readings of sensitive never changed to resistant as & result of
altering the length of incubatlon.

Tissue Binding-- The presence of tissue (10%) in the homogenate fluid

did not significantly change the interpretation of antibiotic susceptibility

of either E. coli or S. aureus. Interpretation of the antibiotic sensitivity

test was altered in only four of L64 tests as a result of the presence of
tissue in the bacterial suspension. |In these exceptions, the reading was

changed from senslitive to Intermediate in speclmens containing eschar.

Mixed Cultures-- In mixed cultures, the interpretation of antibiotic

susceptibility was related to the number of bacteria in the culture. When
6 ;
10" or less E. coli were added to a suspension containing 10 S. aureus, the

determination of antibiotic sensitivities of the S. aureus was easily mad and

’
resulted in non-confluent growth that did not mask the inhibition zones in

7

S. aureus. When 10" or 10 E. coli were present In the S. aureus suspension,
both organisms grew to produce confluent lawns. |In this case, the diameter
of the inhibition zone was determined by the least sensitive organism. This
is exemplified by the antiblotic susceptibility to tetracycline of mixed
cultures of large numbers (108) of both E. coli and S§. aureus. In these
R e pom L
mixed cultures, the clear zone of inhibition around the tetracycline disc
measured 6 mm éomparable to that in a culture of only E. coli. This size of
the zone of inhibitlon due to tetracycline on plates with E. coli was con-
siderably smaller than that (28 mm) encountered on plates subjected to large
numbers of S. aureus.

In these mixed culture experiments, we observed an interesting growth

pattern that provided insight into the antibiotic sensitivity of the mixture

unchanged from that encountered with $. aureus alone. These levels of E. colli

ik
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of organisms growing on agar plates. This growth pattern occurred when there
were dramatic differences In the sizes of the zones of inhlbition of the mix-
ture of organisms as in the above case. A complete zone of inhibition was
readily apparent, indicating the antiblotlc susceptibility of the most
resistant organism. In addition, a larger incomplete zone of inhibition was
noted around the clear zone, denoting the antibiotic susceptibility of the
more sensitive organism. The size of this incomplete zone of inhibition was
comparable to that of the clear zone noted in the tests performed on the
more sensitive drganism. The organism isolated from the incomplete zone of
inhibition was the most resistant organism. Similar results were obtained when
a suspension of 108 E. colil was mixed with varying numbers of S. aureus
(10“ to 108). Agaln, the clear zone of inhibition was determinaed by the least
sensitive organism.
Clinical e

During a seven month period we conducted a preliminary study to compare
the results of the direct antibiotic susceptibility test of clinical spec-
imens with that obtained from individual isolates of the same specimen. During
this interval, 80 clinical specimens were obtained which contained at least 106
organisms/gm of tissue. 865 antibiotic tests were performed on the isolated

I

colonies using the standard Kirby-Bauer procedure. An agreement between these
two tests was éncountered in 699 (81%) of the cases. In 19% of the tests in
which there was disagreement, the combination of one organism with a zone size
interpreted as sensitive with another organism whose zone size was considered

reslistant resulted in a zone size Interpreted as resistant. In no cases did

we find a mixture of organisms yielding a resistant interpretation when the same

individual organisms gave a zone which was judged to be sensitive.
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DISCUSSION

This preliminary study demonstrated the feasibility of direct antibiotic
testing of clinical specimens. The major advantage gained by this modified
technique was the ability to determine antiblotic susceptibilities of the
pathogen within seven hours after submission of the sample. The modification
employed did not alter most of the standards recommended by the Food and Drug
Administration, since there was no inclusive change in the medium, agar depth
or antibiotic sensitivity disc.

The changes in the Kirby-Bauer test necessitated by using the clinical
specimen rather than the isolated bacteria did not significantly alter the
interpretation of the antibiotic susceptibillity. When a clinically signifi-
cant number of bacteria (106-109) were present in the clinical specimen,
variations in the inoculum size did not appreciably change the results of the
antibiotic susceptibility tests. Reducing the Incubation requirement

i
for the standard Kirby-Bauer antibiotic susceptibility test from eighteen to
seven hours also did not significantly limit the accuracy of the test. The
feasibility of recording the results of antibiotic susceptibility tests after
this short time interval has also been demonstrated in separate studies by
Liberman and Robertsonh and Boyle et al wusing isolated bacterial cultures.

As expected, the variables most difficult to standardize in the direct
test was the heterogenous inoculum containing l;rge numbers (10 ) of dlfferent
organisms. In these cases, a zone of inhibition interpreted as sensitive with
one organism was masked by the presence of the confluent growth of an organism
whose zone of inhibition was considered resistant. We did not encounter the
circumstance In which a number of sensitive species gave reactions interpreted

5
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as resistant when tested in combination. However, even in this case it is




possible that mlxed culture sensitivities may provide the most valid information

In mixed infections since they most closely simulate the real clinical situat?on.5
The merit of direct antibiotic sensitivity testing of clinical specimens must
awalr further experimental and clinical studies in which the results of the

proposed sensitivity are shown to have some correspondence with the clinical

situation.
SUMMARY

The purpose of this study was to develop a more rapid antlbiotic sensitivity
test of the pathogens in soft tissue infections and burn wound eschar. The
proposed rapid antibiotic sensitivity was performed directly on the clinical
specimen rather than on single strains of bacteria isolated from the tissue.
Performing the antibiotic sensitivity tests directly on the tissue sample allows
the physician to receive the test results seven hours after receiving the spec-
imen rather than 38-52 hours later, a time delay encountered with the con-
ventional technique. This modification employed did not alter most of the
standards recommended by the Food and Drug Administration since there was no
Inclusive change in the medium, agar depth or the antibiotic sensitivity disc.

The changes in the Kirby-Bauer test necessitéted by using the clinical
specimen did not alter significantly the interpretation of the antibiotic
susceptibility. When clinically signlgicant numbers of bacteria (]06-109)
were present, Variations in the inoculum size did not appreciably change the
results of the antibiotic susceptibility tests. Reducing the incubation re-

qulrement for the standard Kirby-Bauer antibiotic susceptibility test to seven

hours also did not significantly limit the accuracy of the test.




As expected, the variable most difficult to standardize was the hetero-
genous inocula containing large numbers (107) of different organlsms. A
zone of inhibition Interpreted as sensitive with one organism was occasionally
masked by the presence of the confluent growth of an organism whose zone
of Inhibition was considered resistant. However, even in this case, it is
possible that mixed culture sensitivities may provide the most valid infor-
mation in mixed infections, since they more closely simulate the real

clinical situation.
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INTRODUCTION

Immedlate treatment of heavlly contaminated wounds with efther
topical or systemic antlbiotics can reduce the wound [nfection rate.
When antibiotic treatment Is delayed for three or more hours, the bene-
flts of antlbiotlc treatment are considerably less. Thils developing
resistance to antimlcrobial therapy has been correlated with én ex-
agerated Inflammatory response of the open wound. The vessels within
these wounds exhiblt marked increase In vascular permeability. A
protein rich Tluid extravasates [nto the wound forming a fib-lnous
coagulum. As the coagulum accumulates, the contamlnated wound becomes
refractory to antibiotlc treatment. [t appears thatthe flbrinous
coagulum surrounds the bacteria preventing them from contacting the
topically or systemically administered §ntlblotics.

Hydrolysis of this surface coaguluﬁ by proteolytic énzymes con-
siderably prolongs the effective period of antlbicotic action. The
efflcacy of proteolytic enzymes as adjuncts to antiblotic treatment
is directly related to Its fibrinolytic activity. Topical treatment
wlth an enzyme that has substantial fibrinolytic activity can enhance
the wound's susceptiblllty tolantgbiotic treatment., This benefit of
proteolyﬁ[c enzymes must be welghed against any possible side effects.
As a resdlt of thelr fibrlnolytic actlvity, the enzymes may Interfere
with wound healling or damage  the host or local tissue defenses.

The validity of these hypotheses are examined In these experimental

studies.




MATERIALS AND METHODS
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Enzyme i

A Baclllus subtilus protease was the proteolytic enzyme employed
In these experlments. Thls enzyme was supplied as a lyophlllzed
powder by Flint Laboratories, (Norton Grove, ll1llnois). In previous
studles, the protease exhlbited considerable fibrinolytic actlvity
and proved to be an effective adjunct to delayed antibiotic treatment
of contaminated wounds. Before each experiment, the enzyme was solu-
bilized In 0.9% sodium chloride to the desired concentration and
filtered through a 0.22 u Millipore R filter to remove bacterial con-
taminants.

Standard Animal Model

Male, Hartley guinea pigs welghing %004350 grams were anesthetized
by an intraperitoneal injectlon of sodiuﬁ pentobarbital. (The backs
of each animal wasclipped, depilated with Surgexr, washed thoroughly
with water, and swabbed with 70% alcohol. Two, standard, paravertebral
inclsions were made in each animal. The wounds measuring 3 cm in length
extended down through the panniculus carnosus. Bleedlng was stopped
by sterile gauze pressure. ‘
Wound Healing

I
The purpose of this first experiment was to examine the influence

of toplcal enzyme treatment on wound healing. In 12 animals, 0.1 ml
of the enzume (12,000 PC) was applied topically to one wound in each
animal. The concentration of enzyme employed in these studles is suf-

ficient to enhance the effectiveness of delayed antibiotic treatment.
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The contralateral wound was subjected to a simllar volume of 0.9%
saline serving as the control. Ten minutes later all wounds were
closed wlth mlicroporous tape. Fourteen days post-wounding, the
breaklng strength of each wound was assessed. The breaklng strength
of a wound ls a measure of the force requlired to disrupt a wound with-
out regard to (ts dimensions.

This measurement was [(nltlated by making two parallel incisions
(3 cm In length) 6 mm from each wound. Each i{nclsion extended through
the panniculus carnosus. Two clips were then attached to the divided
skin edges adjacent to the wound at a distance of 3 mm from the healing
wound. One clip remalned stationary while the other clip was attached
to a contlnuous drlve motor with a screw gear advance by means of a
strain gauge. This latter devlce wes connected to a Hewlltt-Packard
recorder through an amplifier system. A; the drive motoC.pulled the
clips at a rate of 8 mm/mln., the straln gauge recorder ;ystem provided
a measure of the applled tension (gram-force) necessary to disrupt

the healing wound.

Resistance to Infection

The purpose of this phasé of.the study was to determine the effect
of toplcil proteolytlc enzyme treatment on the tissue's resistance
to inFecflon. In thls experiment, 28 gulnea pligs with standardized
wounds were included in this study. One wound in each animal was
subjected to a topical treatment with 0.1 ml of 0.9% saline serving
as the control. Ten mlnutaes later, each wound was blotted with a

sterile gauze sponge. The animals were then subdivided into two treatment




groups. In one group, both wounds In each animal were contaminated by

5
3.3 x 10 Staphylococcus aureus In 0.1 ml of 0.9% saline. The wounds

in the other group of animals were subjected to a larger bacterial
lnoculum (1.1 x 106). Flve mlnutes after contamination, the edges
of the wounds were appraximated by tape.

On the fourth postoperative day, the Inflammatory responses of
the wounds were measured. The width of the i{ndurated margin of each
wound was recorded In mm. Each wound was opened and examlned for
evidence of purulent discharge. A relatlve estimate of the number
of bacteria In each wound was made. The entire length of each wound
was swabbed three times with a cotton-tipped applicator after which
tIme the contamlnated swab was Immersed into § ml of 0.9% saline.
The tube contalning the bacterlal suspension was then agitated on a
Vortex mixer for one minute. The number of bacteria In the suspension

was then quantltated by standard serial dilution technics.

Leukocyte Phagocytosls and lIntracellular Kill

Traumatlc injury and subsequent bacterial contaminatlon ellcit an
inflammatory response against infection. Alteration in the microvas-
culature occurs that allows extravasation of phagocytic -cells into
the tissug¢. These cells possess the capacity to ingest and kill In-
vading bacterla. Once the microorganism Is phagocytized, it Is normally
destroyed by Intracellular digestion. Microbial death dces not always
follow phagocytosis, however, and certaln bacteria will suryive within

the leukocyte for prolonged periods of time. This phase of the study




i examined the effect of the proteolytic enzyme on the abillty of the
leukocyte to phagocytlize and kill bacteria.

In vitro measurement of leukocyte function was patterned after

the technic described by Mande].] Fresh venous blood collected in
heparinized tubes was combined with an equal valume of 3% Dextran and
placed at a hSo angle for one hour In order to sediment the erythro-

cytes. The supernatant containing plasma, leukocytes, and platelets

was centrifuged at 280 g for 12 minutes and the resulting button of
white blood cells (105) was resuspended in 3.4 ml of Hank's balanced
salt solution and 0.4 ml of autologous serum. The fresh autologous
serum contains the opsonins and complement system that faclli{tates phag-
ocytosls of foreign particles. To one half of the white cell suspen-
sions was added 4 mg (12,000 PC unlts) of enzyme powder. The remaining
cell suspensions were not subjected to the enzyme and ser&éd as controls.
A1l tubes recelved 0.2 ml of a bacterial suspension (107) of S. aureus
(ATCC 12,600). The tubes were then rotated at 12 rpm and maintained
at 37" 6.

Upon bacterial lnoculatiog and at one and two hours post [noculation,
a measured allquot (0.1 ml) of fluid was removed from both test and
control sapp]es. Thls allquot was dlluted in sterile water (9.9 ml)
and vortexéd for 2 minutes In order to lyse the leukocytes. The number
of bacteria within the water represents both the free bacterla as well
as those phagocytléed but viable wlthin the cells. Knowledge of the

total number of bacteria over time revealed the phagocytic bactericidal
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capaclty of the white cells.

A second aliquot (0.5 ml) was also removed upon lnoculation and
at one and two hours post [noculatlon and diluted In sterile sallne
(4.5 ml1). Through d!fferentlal centrifugation (280 g), the free
bacterla (supernatant) were separated from the leukocytes (sediment).
After sampling the sedlment and supernatant, the Ieukocytes.in the
sediment were then lysed In sterlle water in order to release any
phagocytized yet viable bacterla. The number of free extracellular
and intracellular bacterla was measured using standard serlal dilution
and plating technique. Quantitation of extracellular bacterla (super-
natant) over tlme provides a2 measure of phagocytosls, while quanti-
tatlon of intracellular bacteria (sediment) provides an index of the

actual bactericidal actlon within the lgukocyte.

RESULTS

Toplcal treatment of tiie wound wlith a proteolytic enzyme had no
demonstrable effect on wound healing (Fig. 1). _The breaking strength
of the wound subjected to enzyme treatment did not differ significantly
from that of the control wounds. Similarly, short term topical
enzyme treatment had no damaglng gffect on the wound's resistance to
Infection. Wounds pretreated with enzymes were able to resist the
development of infectlon to a degree similar to that of the control
wounds pretreated with saline (Fig. 2). Enzyme treatment was asso-
clated with a significantly wider indurated wound mergln than the
controls. For the animals receiving 3.3 x 105 bacteria, an elevatad

bacterial count was assoclated with the widened indurated margins of

SR e




the enzyme treated wounds. For wounds recelving a higher level of

Inoculum, the bacterlal counts of the sallne and enzyme treated wounds

were remarkably similar. ‘
These lnocuous effects of enzyme on the wounds In vitro are In

sharp contrast to thelr deleterious [nfluence on white blood cell

function In vivo. In the presence of the enzyme, leukocytes were not

able to phagocytize bacteria. As a result of thls remarkable inhibltion
of bacterial Ingestlon, the leukocyte had no significantly bacterlicldal

caplcity. (Fig 3)
COMMENTS

In vivo, topical enzyme treatment for short perlods of time appears
to be inocuous. The presence of the enzyme in the wound did not Inter-
fere with either wound heallng or wound Fkesistance to infection. The
only side effect encountered was a widened Indurated margin which in
one set of animals was correlated with an elevated tacterial count.

In vitro studies suggest thét prolonged contact wlth the enzyme
may have some potential deleterious effects. In the presence of the
enzyme for one to two hours, the leukocyte's abillty to phagocytize
bacterla was not apparent. Consequently, enzyme treated leukocytes
had no demonstrable capacity to kill bacteria. The period of time
in which the leukocyte was exposed to theenzyme (In vitro) was sub-
stantially longer than the tlme of enzyme contact (10 minutes) with

the wound surface. Limiting the period of enzyme wound treatment

to this short time interval may reduce considerably Its effect on

white cell function in vive.




The results of the study Indicate that short term treatment of

wounds wlth topical enzymes appears to be safe and [s accompanled by
few cllinically significant side effects. The potential benefits of
this treatment In experimental wounds as an adjunct to antibiotlcs
conslderably outwelghs its damaglng effects. Its clinical use in
patients must await the results of carefully controlled clinlical trials

In which the efficacy of thelr treatment is evaluated.
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Mandell, G.L.: Bactericldal actlon of aeroblc and anaerobic poly-
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IV. QUANTITATIVE ANAEROCBIC MICRQOBIOLOGY

OF BURN ESCHAR AND INFECTED WOUNDS i




1V. QUANTITATIVE ANAEROBIC MICROBIOLOGY OF BURN ESCHAR AND INFECTED

WOUNDS

A quantitative relationship exists between facultative bacterlal
specles and the occurrence of burn wound sepsis and the incidence of
wound infection. On this basis, quantitatlve bacteriology has been
employed to predict the development of infection. The techniques em-
ployed to measure the number of wound pathogens have been standard]zed
In our laboratory. The methodology Involved includes weigh{ng the
tissue, homogenizatlon of the clinical specimen, rapid slide measurement
of the total number of bacteria in the homogenate followed by a
viable count of the aerobic and facultative species.  Frequently, the
number of bacteria as ascertained by the rapid slide measurement
differs considerably from the viable count. This discrepancy may be
explained by the presence of non-viable organlsms In the wound or
obligate anaerobes in the specimen that succumb in the presence of
oxygen. The validity of this hypothesis can be ascertairad by standard-
ized reliable and reproducible quantitative anaeroblc microbiologic
techniques. To this end, we have attempted to develope such technics.
The reliabllity of a variety of proposed techniques is being confirmed

by standard chemlcal and bacteriologic tests.
l

A. _Chemical--During a quantitative anaerobic measurement, an anaeroblc
environment must be continually maintalned. For each experiment, the

environmental conditions are monitored by an indicator (resazurin) In

the media and salt solution. When the redox potential is raised to a
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level greater than -40 mv, the Indicator exhlbits a pink color indicating
exposure to molecular oxygen. |If the quantitative technic results in
such a change, the measurement would probably discriminate against

strict anaerobes and only allow growth of less oxygen-sensitive

anaerobes (microaerophillic organisms).

B. Bacteriologic--Anaerobic bacteria are usually consldered to be

bacteria which grow only in the absence of oxygen. Yet, among the
anaerobes [t [s apparent that degrees of sensitlivity to molecular

oxygen exist. Three obligate anaerobes with varying degrees of aero-

tolerance have been included in our bacteriologic evaluation. These

Include Clostridium hemolyticum (ATCC 9650 that exhiblts maximum growth

at pO2 0.5%), Bacterlo&es fragills with maximum growth at pO2 3%, and

Fusobacterium nucleatum strain JCFan organism that grows best at PO, 8%.

A requirement for an accurate quantitative anaerobic technlque Is that
It permit cultivation and measurement of these anaerobes in vitro. By
recording changes in the numbers of these oxygen sensltive organisms
as a result of the quantitative process, defects in the quantitative
techniques have been identified.

L

Utilizing these standard techniques, the following technical problems
|

have been encountered In the development of a standardlized quantitatlve

measurement for anaerobic bacteria.

C. Malntenance of Continuous Anaeroblos!s

1. Gassing the Chamber with Carbon Dioxide

During the homogenization process, the clinical specimen is being




continually exposed to atmospherlc oxygen. In an anaerobic quan-

titative bacterfal analysls, the homogenization chamber must be

purged of 02. Simple exposure of the chamber to carbon dloxide prior
to homogenlzation does not prevent exposure to oxygen. Slmilarly,
gasslng the chamber via a catheter placed above the homogenate is

also inadequate. As a result of exposure to oxygen, death to the
strict anaerobes has been encountered. Preliminary bacterial and
chemical studies suggest that gassing the chamber via a catheter placed
within the homogenate at the bottom of the chamber maintalns an an-
aeroblc environment. The Influence of this anaerobic homogenization
process on the survival of the anaerobes will be further tested during
the coming year.

2. Pre-reduced Diluents ;

During homogenizatlon of the clinlcal specimen and during serial
dilution of the homogenate, a pre-reduced diluent is employed. Presently,
we are employing a pre~reduced salt solution that Is prepared in our
laboratory and is relatively inexpensive. A pre-reduced solution con-
taining chopped meat and various carbohydrates which is considerably
more expensive than the salt golugion may also be used. However, chopped
meat dilant provides a more stable anaerobic environment than the
pre-reducéd salt solution. The influence of these solutions on the
viability of anaerobes will be determined.

3. Pre-reduced Agar

The pre-reduced diluents are inoculated into pre~reduced agar

medla. Preliminary studies indicate that the ccncentration of agar




In the medla determines the temperature at which the medla gels. When

the agar concentratlon Is 2.5%, the gel polnt of the media Is 16-48° c,

a temperature at which most anaerobes wlll survive. When the agar
concentratlon Is ralsed to 3.5% the gel point of the media Increases
to 65-70° C, a temperature that results [In death to the anaerobes.
Further studies will be Initiated to ensure that the gel point of the

media will not Influence vlabllity of the anaerobes.

D. Temperature of Environment

When tissues are homogenized, considerable heat is given-off,
ralsing the temperature of the homogenate. Thls exothermlc reactlon
has been minimlized by placing the homogenization chamber in ice during
our quantitation of facultative bacterlal species and obligate aerobes.
This precaution protects the organism frdm heat Injury malntalning the
vlable count of the specimen. However, this chilling of éﬁé specimen
may exert damaging effects on the anaeroblc organism. Dowell points
out that ''specimens should not be refrigerated as chilling Is detrimental
to some anaerobes.'' The effect of this short period of hypothermia
during homogenlzatlon on the vjabll[ty of obligate aﬁaerobes will be
examined. o

Following developing of thls standard quantitative technique for
anaeroblc bacterla, It will be appllied to experimental anaerobic Infec-
tlons. of the burn and soft tissue wounds and then to cllinical soft

Infections as well as burn wounds in humans.
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INTRODUCTION

Burn wound sepsis remains one of the major causes of death of burnt
. . . 20 . . .

children as well as &dult burn victims. This entity is characterized
by progressive bacterial proliferation within the burnt tissue with subse-
quent invasion into adjacent viable tissue and eventually systemic
dissemination. Invasion of viable tissue by large numbers of bacteria,
usually gram negative species, is associated with the clinical
i

picture of zbdominal distention, disorientation and shock. The onset of
A}

wn
wn
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burn sepsis can often be predicted by the bacterial count of the burn t
When the quantitative bacterial count exceeds 100,000 (IOS) organisms
per gram of tissue, the clinfcal consequences of sepsis are imminent.
This quantitative relaticnship between the bacterial) count and the devel-
opment of burn wound sepsis is Ehe fundamental basis for quantitative burn
wound bacteriology. (

Bacteriologic monitoring of the burn wound must take into account
several parameters: type, number, location and antibiotic sensitivity

of the bacteria. As a result of numerous technologic advances, these

bacteriologic data can be made availeble to the burn surgeon in sufficient
time to influence his therapeutic decisions. The microfliora of the
n

surface of the burn wound and the burn wound itself are examined separately
!
by different sampling technics. (Table) For the surface microflora,

the gauze capillarity technic ls employed, while incisional bicpsies are

used to monitor the orgénisms in the burn wound. After sempling, sus-




Immediate antiblotic sensitivity testing. Histologic exzminaticn of
the burn wound s performed concomitantly with this bacteriologic exam-
Ination to determine the depth of bacterial invasion as well as to

detect mycotlc or herpetic infections. It is the purpose of this report

to review these methods &nd to point out their merits and shortcomings.

SURFACE BACTERIA

The surface of every burn wound is contaminated to some degrez by
bacteria. Frequently, the level of surface bacteria does not reflect

sms isolated from

bee

that of the underlying tissue. Similarly the orgs
the surface may not be the same as the major subeschar pathogens accounting
for burn wound sepsis. Despite these drawbacks, monitoring of surface
counts Is commonly employed in mény burn centers.

Monitoring of surface bacterial counls can be accomplished by a

V, 2.4, 72.16,110,.23 e

variety of non-invaslve methods. In these technics the

coefficient of friction of the two Interacting surfaces, the burn wound

£

and the sampling devlce, varies considerably. When the frictional forces

between the surfaces are high, the surface of the burn wound is disrupted

allowing access to bacteria in the outermost part of the burn wound. The
bacterial recovery will reflect this penetration into the burn wound to

include bacgeria from the surface as well as withln the tissues.

.

At our burn center, surface bacterial monitoring by the cauze cap-

2
ity technic is employed prior to wound biopsy sampling. This
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forces between the sampling device and the burn wound, the bacteria re-
covered reflect surface rather than burn wound microbia]l colonization.
This easily reproducible technic begins by neutralizing the antitacterial
activity of antiseptic agents on the surface of the burn wound. Sterile
gauze pads (2x2 in), 16 leyers thick, are then placed in a sterile 100 mm
i

petri dish. o this Is added Lk to 5 m] of sterile solution which thorougkly

soaks the .gauze. Using aseptic technic, the gauze is then placed on the
site to be cultured. The gauze is left In place for five minutes after
which it is aseptically removed and rolled diagonally into & cylinder.
The latter is pleaced into a sterile 125 ml Erlenmeyer flask containing
25 ml of 0.5% saline. Agitating the flask for two minutes, allows the
bacterla adherent to the gauze to be suspended in solution. Aliquots
(0.1 ml) from the original solution as well as serial dilutions are
subjected to direct microscopic counts, duantitative culture procedures

£
for aeroblic bacteria and immediate antibiotic sensitivity testing.

WOUND BACTERIA

Biopsy Technicue

-t
I

ne biopsy procedure is initiated by decontaminating the burn wound

surface with a non-toxic antiseptic agent. Using
o

aseptic technic, the
g : Y 22, ;
surface of the wound is cleansed with an iodophor. Five minutes later,

|
the iodcphor is removed and any resicual agent inactivated by washing

N

the wound surfacs with a solution of 0.9% sodium chloride containing

sodium thicsulfate (1% w/v). The surface of the wound is then dried with

& cauze sponge. Although others flame the Diopsy to eliminate surface
contaeminants, this decontamination procedure should be done cautiously
sinzz hest may kill significent numbers of bacteria within the biopsy

i Tl




The biopsy is performed by excislng a3 2 cm x | cm serple of eschar

wnich weighs zpproximately 0.5 gm (Flg. 1). The bacterial counts In

tissue of this size or larger are sufficiently high to be readily sus- t
ceptible to bacterial quantitation by the repid slide technic. When
smaller specimens are subjected to rapid slide measuremsnts, the total
bacterlal count susceptible to quantitation is considerably diminished

limiting the reliebility and accurecy of the technlc. lIncislonal biopsies

of the burn eschar only rarely produce bleeding that is not controlled

by digital pressure. Local anesthesia is seldom required in this biopsy
procedure. Biopsy samples for either aerobic bacterial guantitation or
histologic examination are transported Immediately to the laboratory in
sterile glass tubes. Special anzerobic containers are employed for

specimens that will be subjected to anaeroblc bacterial Isolation and

»
culturing. 0

AERCBIC BACTERIAL QUANTITATION

The specimen [s processed within | hour of [ts procurement. The

o7

biopsy is weighed and then suspended in a measured amount of 0.5% saline.

12,15

The tissue may be macerated with a knife, but & simpler epprosach

is tissue homogenization using a sterile rotor knife blade. Ouring
8.

homogenization, the tube contalning the bacterial suspension should be

sl e ) ;
immersed in a 4 C ice water bath. This ice water mixture provides

ooling of the homogenate maintaining its temperatura below
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a level that could result in hyperthermic injury to bacteria.




testing.

After maklng serial dilutions of the homogenate, aliquots of the
diluted and undiluted solutions are Inoculéted on blood agar plates (BAP)
and eosin-methylene blue (EMB) media containing an indicator dye, eosin-
methylene blue mixture, which provides an indication of the number of
Entercbacteriaceae in the specimen. The plates are Incubated at 37O c

for 24 hours before colony counts are performed. An zppropriate plate

with non-confluent growth containing between 30 and 300 colonies Is
S

selected for colony ccunts. The results are reported as bacterial count
per gram of tissue.

Frequently, we supplement these bacteriologic studies with histo-

: 16,20
logic examination of the burn tissue. The tissue is examined for

depth of microblal penetration, presence of an inflammatory response,

evidence of microblial invasion of viable tissue and identification of

{

=

blood vessel involvement. Using the histologic criterie described by Prultt

20
and fFoley, the diagnosis of Invasive burn wound infection can then be

the dfagnosis of fungal infection. Mycotic infection of the burn wound
is established solely by histologic criteria since, with the exception
of candida, culture isolation of ghngi has a low yield and is time con-

suming. The value of histologic examination of burn tissue is also
>

of great value in the detection of herpetic lesions.

LNSERCBIC BACTERIAL CLANT

made. Histologic examination of the burn wound is particularly valuable in




FRNEE.

Some grow on the surface of a solid media in the presence of air while
others are unzble to grow if the atmosphere contains as little as 0.3%
oxygen or certain oxidized medium constituents. Considering this spec-——-
trum of serotolerance, the methods employed for Isolation of asrcbhes
In burn wound specimens must allow recovery end quantitation of the
least aerotolerant organisms.

Since many an2erobes can not tolerate even a very brief exposure
to oxygzn, the blopsy specimen should be obtained with minimun exposure

S
to air. The tissue specimen should be transported immediately In an

Z
anaerohic tube or container:G,ZO Isolation and quantitation of the
anaerobes is accomplished under anzerobic conditions in a glove box.
During anaerobic hcmogenization, the sample is suspended in a measurad
amount of a pre-reduced salt solution which is also used for the serial

»

8 :
dilutions. Aliquots of the undiluted homogenate and Its dilutions are

then added to tubes of molten (SOO C) pre-reduced brain heart infusion
r : )

media containing 2.5% agar. Media containing more than 2.5% agar melts

at higher temperatures which result In an irreversible hyperthermic injury
to bacteria. The pre-reduced madia as well as the diluent contain agqueous 1
reazurin, an oxidation-reduction indicator of anasrobiosis. In its

3
{ Al 14
reduced form, it is colorless, an indication of an anagercbic environment. |

I s Y 1A
When the system is expcosed to traces of oxygen, the reszurin is oxidized

and imparts a distinct color to the media or solution.

The inoculated tubes are then placed in @ spinner and rotatad about
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are counted. Indlvidual colony tupes are isolated, subcultured and

Incubated under aerobic, 10% CO2 and anaerobic conditions to determine
If the lsolate is in fact anaercblc and not facultatlve. The colonies
growing on plates incubated in 10% COZ and aerobic conditions are con-
sidered microaerophilic. At this point, the lzboratory reports to the

surgcon on the presence or absence of anaerobes or microzerophiles and

indicates thelr morphology and gram staining characteristics., [dentification

and antibiotic sensitivity testing of the anaeroblic isolates are

determined subsequently. -

RAPID SLIDE TECHNIC

The rapid slide technlc consists of a direct microscopic measurement
of the total number of viable and dead bacteria in the suspension.
The major advantage of this technic is the speed with which the results
»
are available to the surgeon, within 20 minutes after biopsy. In this
el

measurement, a designated amount (0.01 ml) of the undiluted suspension,
homogenate, and/or a serial dilutlon are spread uniformly over a dilencated

2 ; .
1 2m area of a glass slide which then {s placed on a warmer to dry the
smear. (Fig. 2)

The smear is then subjected to the improved Gram stain technic

»

developed In our laboratory (Flg. 3). This technic provides a more re-
Jieble and dccurate method of differentiating gram-negative from gram-
pusitive orgenisms than the conventiona) Gram stainlng procedure. The
major pitfall of the conventicnal technic is that gram-positive orcznisas

are too easily decolorized by alcohcl and judged to be grem-nsgative.

In the improved method, {ixation of the bacteria s accompiished
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by the addition of methanol onte the surface of the warm slide. Bacteria
fixed by methanol are more resistant to decolorization than are bacteria
fixed by drying or heat. When the methanol evaporates, the slide is
then flooded with buffered crystal violet, which is allowed to stand
for 60 seconds. The primary steain is then poured off the slide with the

iodophor mordant. The slide is then flooded with more morcant that

remalns on the slide for one minute. The aqueous mordant IZKI employed

Guiiny storage. The degree to which ifodine is lost is increased by
elevating the room temperature and repeated exposure to the environment.
As the concentration of iodine in the mordant solution is reduced,
bacterial smears become susceptible to decolorization. The problems of
loss of i{odine from the mordant csn be remedied by employing an iodophor
as the mordant. Thls iodine complex is stable and has a long shelf life.
The slide Is then decolorized uniformly wlth 95% etharol until the
solvent flows colorlessly from the slide. Decolorization of the smear
usually tazkes 5-10 seconds. Excess alcohol is removed by rinsing the
slide with water. The counter stain, ;afranin, is then edded to the
slide for A0 seconds before it is washed off with water. Each slide is
a]]o@ed to dry and [s examined undes oil Immersion using a 100x objective.
Ten separatF fields of cach smear are examined and the average number
of bacteria per field are recorded. The average number per field is

¥ i : : 2 At .
multiplled by the number of fields in the cne cm area (L000) giving the

c

total .number of bacteria in the 0.01 ml eligquot of the undilutad suspension.

this aumber is multiplies by 50 if the ori
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In the conventional technic Is unsteble and rapidly Joses its fodine content




to give the total number of bacteria in the suspension (Fig. 3). When :

the number of bacteria in the smear of the undiluted suspension is too
numerous to count, the number of bacteria per field in the first tenfold
suspensioh dilution is checked. In these cases, the dilution factor of
the homogenate is taken into account in the final calculations of the
number of bacteria in the undiluted suspension. The shepe, gram-staining

characteristics and number of bacteria per sample size are reported in

the final results (Fig. 4).
S )

The rapid slide technic gives accurate and relizble measurement

when £00 or more bacteria are in the 0.0l ml suspension delivered to the
s 3 fym oA - - . p
slide).S»iTorganisms per gram of tissue). When less than this number
of bacteria are added to the slide, bacteria are not detectable on mizroziorid
exzrinziion.
- ’

The development of this technique does not replace qugntitative

serial dilution and plating technics. These latter technics are always

performed concommitantly with the rapid slide technic since they allow

speciation of the pathogen and antibiotic sensitivity testing.

IMMEDIATE ANTIBIOTIC SENSITIVITY TESTING DISKS

Rapid antibiotic sensitivity testing is performed under aerobic con-
ditions dir?ctly on the bacterial suspension prepared from the clinical
specimen rather than on single strains of bacteria isolated from the

25

tissue. Performing the antibiotic sensitivity test directly on the
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tissue sample allows the burn surgeon to rec

hours after receiving the specimen rather than 38-52 hours

time delay zncountered with the conventional technic. Use of this




modification employed does not alter most of the standards recommended by
the Food and Drug Administration since there'is no inclusive change in
the medium, agar depth or the antibiotic sensitivity disc.3

Aliquots of the bacterial suspensions prepared by the previous
procedures are stresked in three directions onto the surface of Mueller-
Hinton agar plates (5x150 mm) using sterile cotton swabs. After a three
minute delay, antibiotic discs are applied to the surface of the agar
with an automatic dispenser and pressed onto the surface with sterile

A Y

= 5 . o .
forceps. After incubation at 37 C for seven and for 18 hours, the
zone of Inhibition around each disc is measured with a ruler. The zone
diemeters as recommended by the Food and Drug Administration are used
to interpret the susceptibility of the bacteria to the antibiotic.

In preliminary clinical and experimental studies, the changes in

v
the test necessitated by using the clinical suspension did not alter
significantly the interpretation of the antibiotic susceptibility. Even
; : 3 ] : S
when larger numbers of bacteriz were present in the suspension (10 -107),
variation in the inoculum size did not appreciably change the results of
the antibiotic susceptibility tests. Reducing the standard Kirby-~
Sauer antibiotic susceptibility test to seven hours alsc did not limit the
o

accuracy of the test.

As expected, the variable most difficult to standardize is the

heterogenous inocula containing large numbers (10 ) of diff
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A zone of inhibition interpreted 2s sensitive with on2 orgsnism was

occasionally mesked by the presence of the conflusnt growth of én




organism whose zone of inhibition was considered resistant. We did not

encounter the circumstance in which a number of sensitive species gave

.

reactions interpreted as resistant when tested in combination. However,

even in these cases it is possible that the results of mixed culture

-
(ad

sensitivities may provide the most valid information in treaiing mixed

nfections since they most closely simulate the clinical situation.

The merit of direct antibiotic sensitivity testing of clinical specimens
must await further experimental and clinical studies in which the results
3y

of this proposed sensitivity test are shown to have some correspondence

with the clinical response to treatment.

ANTIMICROBIAL CREAMS

For an antimicrobial cream to be effective &cainst the organisms

’
proliferating in the burn wound the agent must exhibit antibacterial
Tl

15

activity against the major pathogen. WNathan  hes recently devised a
tezt which measures the susceptibility of the burn wound pathogens to
commercially availeble antimicrobial creams. This antimicrobial sensi-
tivity test is essentially a modification of the agar cup diffusjion test
for antibiotics. Measured amounts of the creams are delivered Into the
center of holes on an agar plate (stgndard brain heart infusion mediﬁm).

o e
gar (45 C) which is

O

The bacterial suspension is then added to melted
pcured into the center of holes on an agar plate conteining the anti-

microbials to be tested. The contaminated fluid acar overlay solidifies

within one minute. The test plates zre inverted and incubsted at 37 C

This antimicrobial test provides an ipn vitro system to stucy the




-
ik
of the carrier on the activity of the cream can easily be appreciated.
Some carriers limit the antibacterial activity of the antimicrobial igen{

while others permit maximal activity. (Fig. 5). Tre clinical value of thus Lecl Lo
the burn surgeon in the selection of an appropriate antimicrobial cream

for use against a specific pathogen is less certain. This uncertainty

will be resolved when standards are developed similar to those for the

disk sensitivity tests that can be used to interpret the susceptibility

of the bacteria to the antimicrobial cream. However, it is [mportant to
»
point out that standardization of this cup-zgar diffusion test may be

more difficult than the disk test, particularly when clinical specimens

are employed. The inoculym size and the length of incubation of

clinical specimens significantly influence the interpretation of the
results of the agar-cup diffusion test, a circumstance rarely encountered
»

with the disk test (Fig. ZA and B)., ¢

INGIACOT '"MEASURES CF THE BACTERIAL COUNT

Several indirect measures of the wound bacterial count are available
to the burn surgeon. Examination of burn wounds with a Wood's lamp
; ; : . y oA
allows the clinician to identify early pseudomonas infection. A
fluorescent pigment is elaborated by many pathogenic strains of Pseudomonas

aeroginosa 4nd Is detectable under long-weve ultraviolet light. The

point at which fluorascence is seen u

0

on the wounds of the burn patient

-
. .

. . ' . “
in @ partially darkened room is approximately 1,000 bacteria/ = N

fortui tous that this concentration is less than the mininum

density at which invesive burn wound sepsis Ooccurs. This immediate and

R—"




in some patients.

The ''take' of skin grafts on the surface of granulating burn wounds
is another rather relieble indication of the wound bacterial count.
When the bacterial population is IOS or fewer organisms per gram of
tissue, autografting with split thickness skin is almost uniformly
successful. Skin homograft also successfully ''takes' only when the

5
colony count was 10 or less per gram in the tissue biopsy.

SUMMARY »

A comprehensive picture of the burn wound microflora is now possible
as a result of recent technologic advances. The microflora of the burn
wound can be characterized with respect to its number, type, location
and antibiotic sensitivity. These parameters can be measured in
sufficient time to influence the decision &f the burn surgeon. The

phs

microflora of the surface of the burn wound and the burn wound itself
are examined separately by different sampling technics. For the surface
microflora, the gauze capillary technic is employed, while incisicnal
biopsies are used to monitor the organisms in the burn wound. A
sampling, suspens'ons of the specimens are created which in turn are

subjected to direct microscopic measurement, quantitative culture pro-

cedures and jimmediate antibiotic sensitivity testing. Histologic exam-

ination of the burn wound is performed concommitantly with this bacteriologic

f bacterial lnvasion as well as to

0

exzmination to determine the depth o

detect the presence of either mycotic or herpetic in
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Figure
Figure

Figure

LEGENDS FOR ILLUSTRATIONS

The incisicnal biopsy is performed by excisinga 2 ca x 1 cm
saiple of eschar (A,B). Biopsy specimens for either aerobic
bacterial quantitation or histologic examination are transported
irmediately to the labcratory in sterile glass tubes. Special
@naerobic containers are employed for specimens that will be
subjected to anaerobic bacterial isolation and culturing.

Calculation of the results of the rapid slide measurement.,
Irproved Gram stain technic.
Morphologic and gram staining characteristics of bacteria.

The carriers in the antimicrobial creams exert considerable in-
fluo

The inoculum size (A) and the incukbation time (B) have consid-
erable influence on the interpretation of the results of the
sensitivity tests with antimicrobial creams.
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